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observed	 increased	 expression	 of	 cytolytic	 mediators	 and	 markers	 CD56bright and 
NKp46+	 of	 NK	 cells	 in	 patients	 with	 chronic,	 but	 not	 self-	limited	 HCV	 infection.	
Patients	 with	 a	 self-	limited	 infection	 expressed	 higher	 levels	 of	 differentiation-	
associated	markers	CD57	and	KIRs,	and	lower	levels	of	NKG2A.	A	more	extensively	















including	 the	 release	 of	 cytotoxic	 enzymes,	 such	 as	 granzymes	 and	
perforins,	that	result	in	lysis	of	the	infected	hepatocytes,	and	indirect	
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mechanisms	that	involve	the	release	of	cytokines,	such	as	interferon	







ceptor	 (KIRs).10,11	During	viral	 infection,	 the	balance	shifts	 from	 in-
hibition	 to	 activation	 after	 a	 critical	 threshold	 of	 activation	 signals	
exceeds	 those	 of	 inhibition.12	 In	 addition	 to	 the	 regulation	 of	 the	


























may	play	a	 role	 in	 the	protection	against	HCV	 reinfection,	 and	 that	
some	sort	of	immunological	memory	to	HCV	has	developed.














2  | MATERIALS AND METHODS
2.1 | Patient selection and characteristics










2010	 for	HIV-	negative	participants.26	 The	characteristics	of	 the	 se-
lected	patients	are	presented	in	Table	1.	All	individuals	selected	were	
HIV	negative/unexposed,	at-	risk	IDUs	who	were	age-	and	ethnically	
matched	 individuals	who	displayed	 similar	 risk	 behaviours	 and	who	
were	 reinfection-	naïve.	 The	 individuals	were	 categorized	 into	 three	










postinfection.	 Additionally,	 when	 available,	 samples	 were	 selected	




2.2 | Expression of cell surface and intracellular 
molecules by flow cytometry
To	determine	 the	 frequency	and	phenotype	of	peripheral	blood	NK	
cells,	multicolour	flow	cytometry	was	performed	on	PBMC	with	anti-	
CD3-	Alexa-	Fluor700	 (OKT-	3,	 Beckman),	 anti-	CD56-	APC-	eFluor780	
(CMSSB,	 Beckman),	 anti-	CD57-	APC	 (HCD57,	 BioLegend),	 anti-	
KIR2D-	Biotin	 (NKVFS1,	Miltenyi	 biotech),	 anti-	KIR3DL1/DL2-	Biotin	
(5133,	Miltenyi	 biotech),	 Streptavidin-	eFluor450	 (eBioscience),	 anti-	
NKG2A-	PE	 (Z199,	 Beckman),	 anti-	NKG2C-	Alexa-	488	 (134591,	
R&D),	 anti-	NKG2D-	PerCP-	Cy5.5	 (1D11;	 BD),	 anti-	NKp30-	PE	 (Z25,	
Beckman),	anti-	NKp44-	Biotin	(P44-	8,	BioLegend),	anti-	NKp46-	PE-	Cy5	
(BAB281,	 Beckman),	 anti-	CD69-	PacificBlue	 (FN50;	 BioLegend)	 and	
Live/Dead	 Aqua	 (Life	 Technologies).	 For	 intracellular	 expression	 of	
cytotoxic	markers,	PBMC	(0.5x106	cells/200	μL)	were	fixed	with	2%	
formaldehyde	 and	 permeabilized	 for	 intracellular	 staining	with	 anti-	
granzyme	 B-	PE	 (GB11,	 eBioscience),	 anti-	perforin-	PerCP-	eFluor710	
(G9,	eBioscience)	and	anti-	TRAIL-	Alexa488	(75402,	R&D).	Cells	were	





2.3 | Stimulation and intracellular cytokine 
analysis of NK cells
Peripheral	 blood	 mononuclear	 cells	 were	 stimulated	 with	 IL-	12	
(0.25	ng/mL)	 and	 IL-	18	 (10	ng/mL)	 overnight	 for	 surface	 marker	
expression	 and	 intracellular	 cytokine	 production.	 After	 18	hours,	
Brefeldin	 A	 (10	μg/mL,	 Sigma)	 was	 added	 to	 the	 cultures	 and	 the	
cells	were	incubated	for	an	additional	3	hours.	Cellular	activation	and	
surface	markers	were	measured	 using	 anti-	CD3-	PacificBlue	 (OKT3,	
eBioscience,	 San	 Diego,	 CA,	 USA),	 anti-	CD56-	PE	 (MY31,	 BD)	 and	
anti-	CD69-	APC	 (L78,	 BD),	 followed	 by	 fixation	 with	 2%	 formalde-
hyde,	 and	 permeabilization	 for	 intracellular	 staining	 with	 anti-	IFN-	














3.1 | NK cells of patients with a chronic, but not self- 
limited, HCV infection have an increased CD56bright/
















Concurrently	 with	 the	 compartmental	 analysis,	 the	 cytotoxic	 po-
tential	 of	 NK	 cells	 from	 the	 uninfected,	 cleared	 and	 chronic	 groups	
was	 assessed	 by	 intracellular	 analysis	 of	 the	 cytolytic	mediators	 per-








Uninfected Cleared HCV Chronic HCV
Numbers 10 11 11
Sex M/F 8/2 4/7 4/7
Age	(y) 32.3	(25-	59) 30.9	(24-	42) 34.7	(24-	47)
Ethnicity Caucasian 10 8 9
Asian – 2 – 
Other – 1 2
Time	since	infection	(y)a – 2.9	(2.4-	5.0) 2.9	(2.0-	3.8)
HCV	bDNA	(IU/mL) – <615 4.9x105 
(6.3x103- 
1.9x106)
Anti-	HCV negative positive positive
HCV	genotype genotype	1 – 1 6
genotype	3 4 4
genotype	4 1 1
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3.2 | The frequency of cytokine- induced IFN- γ 
production is unaltered in NK cells of self- limited and 
chronic HCV patients compared to uninfected 
individuals
Differential	capacities	for	particular	effector	functions	have	been	de-
scribed	 for	 the	CD56bright	 and	 the	CD56dim	NK	cell	 subsets.29-31	To	
explore	 whether	 the	 observed	 differences	 in	 NK	 cell	 composition	
translated	 to	 differential	NK	 cell	 effector	 function,	we	 investigated	












3.3 | Expression of natural cytotoxicity receptors 


















a	 trend	 towards	higher	 frequencies	 as	 compared	 to	 the	NK	cells	 of	
self-	limited	patients.	Collectively,	this	data	show	no	difference	in	the	
expression	of	 particular	NCR	 and	other	 activating	 receptors	 in	 self-	
clearing	HCV	 patients	 compared	 to	 uninfected	 individuals,	whereas	
NKp46	expression	was	elevated	in	chronic	patients.
3.4 | NK cell memory phenotype is not associated 
with self- clearance or chronic disease in HCV infection
The	 long-	standing	 dogma	 of	 NK	 cells	 as	 a	 purely	 innate	 immune	
cell	population	has	been	challenged	 in	 recent	years,	with	 increasing	
reports	describing	qualities	of	NK	cells	that	have	commonly	been	as-
sociated	with	 immunological	memory	 in	response	to	pathogens.15,16 
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(Figure	4B).	 The	 expression	 of	 CD57+NKG2C++	 NK	 cells	 remained	
stable	 from	1	 to	 3	years	 postcontraction	 of	 acute	HCV	 infection	 in	







3.5 | Self- limited HCV patient have more highly 
differentiated NK cell repertoires than uninfected and 
chronically infected individuals
The	maturation	marker	CD57	expression	has	not	only	been	linked	to	
memory	 in	NK	cells,	but	 it	has	also	been	 implicated,	 in	combination	
with	inhibiting	CD94-	NKG2A	receptor	and	KIRs,	as	defining	markers	
in	 the	differentiation	 of	CD56dim	NK	 cell	 repertoires.13,14	 To	deter-
mine	 the	 differentiation	 status	 among	NK	 cell	 populations	 and	 the	
role	 it	may	play	 in	the	clearance	of	HCV	infection,	we	assessed	the	
expression	 and	 co-	expression	 of	NKG2A,	CD57	 and	KIRs.	NK	 cells	





uninfected	 individuals,	whereas	 chronic	patients	 expressed	 reduced	





of	 the	 cleared	 group,	whereas	KIRs	 and	CD57	were	positively	 cor-
related	 in	 this	 subset	 of	 patients.	 Collectively	 this	 data	 suggest	 an	
enrichment	of	more	highly	differentiated	NKG2A-CD57+KIR+	cells	in	



























chronic	 infection.	NK	cell	 repertoires	of	patients	with	 a	 self-	limited	
infection	displayed	 a	more	highly	differentiated	phenotype,	 charac-
terized	by	an	increased	CD57	and	KIR	expression,	as	well	as	reduced	
NKG2A	 expression,	 but	 did	 not	 exhibit	 a	 memory-	like	 phenotype.	
Lastly,	cytokine-	induced	activation,	as	seen	by	CD69,	was	comparable	
in	all	groups,	whereas	IFN-	γ-	expressing	NK	cells	showed	a	trend,	but	
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specific	NK	 cell	 repertoire.	Additionally,	 the	 longitudinal	 analysis	 of	
both	 chronic	 and	 self-	resolving	 patients	 from	1	 to	 3	years	 after	 es-
timated	 time	 of	 infection	 demonstrated	 a	 stable	 and	 unaltered	 ex-
pression	and	composition	of	this	memory-	like	NK	cell	compartment.	
Our	 findings	 argue	 against	 the	hypothesis	 that	CD57+NKG2C++	NK	
cells	observed	after	resolution	of	HCV	infection	are	genuine	memory	
NK	cells	 induced	by	HCV	exposure.	Additionally,	 the	protective	fea-





like	 characteristics	of	NK	cells,	 the	phenotype	 and	 function	of	 cells	
observed	 for	 acute-	resolved	patients	did	 still	 drastically	differ	when	






























described	 by	 other	 studies.34,36-38	 The	 NK	 cells	 of	 these	 chronic	
patients	also	expressed	significantly	lower	levels	of	CD16	(data	not	
shown)	 and	 increased	 levels	 of	 NKp46	 as	 compared	 to	 not	 only	
the	 uninfected	 group	 but	 also	 the	 resolved	 patients.	 Increased	
NKp46	expression	 in	 this	group	 is	of	particular	 interest,	 as	 it	has	
been	shown	to	be	one	of	the	principle	avenues	of	NCR-	mediated	
killing	and	correlated	with	the	cytolytic	activity	of	NK	cells	in	HCV	




differential	 regulation	 of	 perforin-	 versus	 granzyme	 B-	expressing	
NK	 cells	 has	 been	 described	 before	 by	 others,	who	 showed	 dis-
tinct	induction	after	triggering	with	IL-	2,	IL-	4,	PMA/ionomycin	and	
IFN-	α.42,43














uals	 and	patients	with	 ongoing	 infections.	This	 is	 in	 contrast	 to	NK	
cells	of	chronic	HCV	patients	that	displayed	a	more	naïve	and	effector	
phenotype	with	 elevated	 cytotoxic	 capabilities.	Although	 the	 highly	
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